Since the report of a new chemical agent "glutathione" by Hopkins (1921) , numerous efforts have been made to establish the biological importance of this substance. Glutathione plays an important role in the electron transport system in the liver, as pointed out by Hopkins and Elliott (1932) . The reduction of glutathione takes place in the liver, and the enzyme which catalyzes this process is named glutathione reductase (Mann 1932 ). Meldrum and Tarr (1935) reported that in whole blood of the rat, TPNH works as the co-factor in the reduction of oxidized glutathione to the reduced form. The presence of glutathione in the liver was established by Rall and Lehninger (1952) and Racker (1955) . Although the physiological significance of glutathione reductase in human sera has not well been understood, the determination of this enzyme was carried out in patients under various clinical conditions and it has been revealed that its activity increases in the initial phase of acute hepatitis as well as in malignant diseases with liver metastases (Manso and Wroblewsky 1958; Kerppola et al. 1959; West et al. 1961) . By the assay for serum enzymes under various clinical conditions, we noticed a different behavior of this enzyme from those of other enzymes of hepatic origin including transaminases and alkaline phosphatase (unpublished observation). In regard to the mechanism of the elevation of reductase activity in liver diseases West et al. (1961) proposed a theory that changes in permeability of the cell membranes may result in an increasing release of the enzyme into serum, as the reductase is a solubule, cytoplasmic enzyme. If it is the case, the reductase activity in serum should increase in proportion to the decreased activity in the liver. The purpose of the present study is to examine whether there is such a correlation between activities in serum and liver.
MATERIALS AND METHODS
For the animal experiments, male adult rats of the Donryu strain weighing 180 to 220 g were used. The animals were divided into two groups, the control and the experimental. The control group received olive oil at a dose of 0.02 ml/100 g body weight, and the experimental group received an intraperitoneal injection of 10% CCl4 dissolved in olive oil at the same dose. At 6, 12, 24 and 36 hr after injection, the animals were anesthetized with nembutal and sacrificed by blood aspiration through a cardiac puncture. Im mediately, serum was separated, and liver homogenates were made by adding 0.25 M sucrose solution and centrifuging for 10 min at 3000 rpm.
Twenty nine patients with various liver diseases were subjected to this study. They comprised 14 with acute hepatitis, 11 with chronic hepatitis, and 4 with liver cirrhosis. In addition, 4 apparently healthy subjects were examined as the controls.
The diagnosis was made by clinical, laboratory and histological examinations.
All patients received a laparoscopic examination when liver specimens were taken by liver biopsy. Liver homogenates were made as described above. Blood was taken at the fasting stage in the morning of the day of laparoscopic examination. The activities of serum glutathione reductase (SGR) and liver glutathione reductase (LGR) were expressed as units/ml for SGR and units/mg wet liver tissue for LGR. GOT and GPT were measured by the Sigma-Frankel method. Serum GOT and GPT (SGOT , and SGPT) and liver GOT and GPT (LGOT and LGPT) activities were expressed in the same way. Alkaline phosphatase activity was measured by the Huggins and Talalay method modified by Yoshikawa and Hosoya (1949) . in diseased states as compared with the normal liver. The greatest rise was found in the acute hepatitis cases followed by liver cirrhosis and then chronic hepatitis. The normal values were close to those reported by Manso and Wroblewsky (1958 In animal experiments, the values for LGR corresponded fairly well to those reported by Bamji and Sharada (1972) . It was found that SGR increased approximately three times the control level at initial 6 hr after CCl4 injection. This initial increase lowered steadily, and at 36 hr the activity almost returned to the control value. This rise of SGR was accompanied by the rise of LGR, though the LGR showed the peak at 12 hr. There is, thus, a parallelism between the serum and liver glutathione reductase activities under the experimental conditions. Both transaminases showed rises in the serum activity at 24 and 36 hr and definite decreases in the liver activity at 12 to 24 hr. Alkaline phosphatase showed a gradual increase in serum, reaching the highest peak at 24 hr, but did not show any appreciable change in the liver. Thus, the behavior of glutathione reductase under the experimental conditions showed no parallelism with either one of these three enzymes. It should be also pointed out that the elevation of SGR occurred much earlier than the changes in SCOT and SGPT and that the decrease of SGR occurred again much earlier than the decreases in serum activities of both transaminases.
RESULTS

In
The tissue distribution of glutathione reductase shows a certain similarity to that of GPT (Manso and Wroblewsky 1958) . The highest activity was found in the liver and kidney, followed by the pancreas, heart, thyroid, red cells and lungs in the descending order. On this basis, West et al. (1961) postulated the possibility that the SGR elevation should be due to the leakage or liberation of the enzyme from the liver. If it is so, one may expect a concomitant decrease in the activity in the liver. Certain enzymes such as GOT fall in this category (Harada 1958; Sakata 1960; Yamagata et al. 1962; Kaito and Wakui 1965) . The present investigation, however, clearly demonstrated that the mechanism of the elevation of SGR in liver damage is different from that of the so-called "leaking enzymes," which are liberated from the liver in liver damage. (Takasugi 1961 (Bauer 1963) . It is interesting to note that changes of glutathione reductase activities in serum and liver occur in the early stage, which is difficult to explain on the basis of enzyme induction. Possibility of the decreased up-take and catabolism of the enzyme may explain the phenomena.
